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The purpose of this study was to investigate Thai students’ understanding of dilution and 
related concepts. The literature suggests that a complete understanding of chemistry con- 
cepts such as dilution entails understanding of and the ability to integrate mental models 
across three levels of representation: the macroscopic, sub-microscopic and symbolic. In 
this work students’ understanding was probed using the interview about events (lAE) 
approach employing open-ended questions, and also by analysis of student descriptions, 
and drawings. The research findings suggest that all students were able to answer open- 
ended questions related to dilution and related concepts. Less able students presented 
representations at the symbolic level and subsequently described events at the sub- 
microscopic and macroscopic levels. However, these latter representations typically were 
unrelated to the representations presented at the symbolic level. In contrast, more able 
students were able to present consistent representations of dilution at each level of repre- 
sentation. 
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Introduction 

Mental Models 

Mental models represent ideas in an individual’s mind that they use to describe and explain 
phenomena. According to Van Der Veer and Del Carmen Puerta Melguizo (2003), mental 
models are constructed from perception, imagination, or from the comprehension of discourse. 
When studying science, students gain knowledge of scientific mental models as a result of 
exposure to the teaching of such models (Harrison & Treagust, 2000). That is, students create 
their own mental models when they learn and try to understand scientific knowledge during 
the learning process (Chittleborough, Treagust, Mamiala, & Mocerino, 2005). 
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In science “mental models are used to describe a system and its component parts as well 
as its states, to explain its behavior when changing from a state to another and to predict future 
states of the system” (Franco & Colinvaux, 2000, p. 105). According to Coll (1999), mental 
models are used to produce simpler forms of concepts, to provide stimulation and support for 
the visualization, and to provide explanations for scientific phenomena (Coll, 1999). The lite- 
rature suggest that mental models play a central role in science (Gilbert, Boulter, & Ruther- 
ford, 2000; Gobert & Buckley, 2000) and in the communication of scientific knowledge 
(Dagher, 1994; Treagust, 1993). In science teaching, teachers use mental models in two dis- 
tinct ways. First, they try to communicate the models of science (e.g., atomic structure) to 
their students. Second, they use certain types of models - particularly analogy, to explain 
scientific ideas to students (Duit, 1991). Students likewise construct their own individual men- 
tal models, and also to try use them to understand scientific phenomena that they encounter 
during instruction or in everyday life (Duit, 1991; Pittman, 1999; Venville, Bryer, & Treagust, 
1994). However, the literature suggests that student understanding of science models, includ- 
ing mental models, and some of their own constructed mental models are often at variance 
with scientific models (Greca & Moreira, 2000; Norman, 1983). 

Mental Models and Explanations of Experts and Novices 

A science expert is a person who is recognized as a reliable source of knowledge, technique, 
or skill with significant experience gained through practice and education in a particular scien- 
tific field. In contrast, a novice is a person who is newly introduced to any science or another 
field of study and undergoing training in order to meet normal requirements of being regarded 
a mature and equal participant in a community of practice (e.g., science). Experts and novices 
are different in terms of four basic processes: knowledge, representation, problem-solving, and 
understanding (Hey worth, 1999; Savelsbergh, De Jong, & Ferguson-Hessler, 2002). Savels- 
bergh et al. (2002) investigated the differences between experts and novices in gaining know- 
ledge: content, structure, and sources. It seems that the experts are able to modify and to con- 
struct representations, and also are highly capable at problem-solving due to a high qualitative 
content knowledge in their fields. In contrast, novices lack this qualitative content knowledge, 
and typically seek to solve problems by use of quantitative representations, and rote use of 
formulae. Kozma and Russell (1997) observe that experts use underlying principles to categor- 
ize their representations and transformed representations. In order to shift from novice to ex- 
pert capability, it is necessary to enhance problem-solving capability. To do this we need to 
develop their declarative knowledge to help them to learn how to synthesize knowledge, to 
create the mental models, and to recognize similarities across many problems (Foshay & Kirk- 
ley, 2003). 

Farnham-Diggory (1994) identified five types of knowledges: declarative, procedural, 
conceptual, analogical and logical. Declarative knowledge is things that we know; it consists 
of the facts, concepts and principles for a knowledge domain. Farnham-Diggory claim that 
knowledge is stored in an individual’s cognitive structures, and that a person constructs asso- 
ciations, lists, scripts, plans, schemata and mental models. Of these associations, mental mod- 
els are deemed the most powerful cognitive structures, and work to relate procedural and dec- 
larative knowledge. Anderson (1995) describes mental models as the synthesis of declarative 
knowledge to solve problems. Jonassen and Tessmer (1996), however, believe that the mental 
models are distinct from declarative and procedural knowledge. 

Grosslight, Unger, Jay, and Smith.(1991) report that mental models help experts to under- 
stand and think about phenomena and are used to formulate and test real ideas. They go on to 
note that a person’s understanding of mental models can be categorized into three levels. At 
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level 1, models are seen as a ‘toy’ or a ‘copy’ of reality. At level 2, models serve a specific 
and explicit purpose. At level 3, models are constructed to develop and test an idea, and can be 
manipulated and subjected to test. Unal, ^alik, Ayas, and Coll (2006) similarly classify the 
level of student’s understanding into three categories: reasoning ability, hierarchy of qualita- 
tively different understandings, and structural characteristics. 

Mental Models and Levels of Representation 

Chemistry is composed of many abstracts concept and topics (Gabel, 1999; Johnstone, 1993). 
When describing chemistry phenomena, chemists generally present concepts at three levels of 
knowledge representation: the macroscopic, sub-microscopic, and symbolic levels (Johnstone, 
1991). 

• The macroscopic level, is a concrete level corresponding to observable objects. At this 
level, students observe the chemical phenomena in their experiments or experiment 
(Johnstone, 1991; Treagust, Chittleborough, & Mamiala, 2003); 

• The sub-microscopic level, is an abstract level, but corresponding to observable phe- 
nomena at the macroscopic level. This level is characterized by concepts, theories and 
principles used to explain what is observed at the macroscopic level, using things such 
as the movement of electrons, molecules, or atoms (Johnstone, 1991); 

• The symbolic level, is used to represent chemical and macroscopic phenomena by the 
use of chemical equations, mathematical equations, graphs, reaction mechanisms, 
analogies and model kits (Johnstone, 1991). 

Gabel (1999) says that chemical phenomena, which we observe or study at the macros- 
copic level, can also be described and explained at the sub-microscopic level. But are general- 
ly described at the sub-microscopic and symbolic levels in order to solve they complicated 
problems. Students are apparently able to understand complex ideas better when asked to ex- 
press the relationships between macroscopic and sub-microscopic levels using chemical sym- 
bols, chemical equations and mathematical equations. 

Johnstone (1993) says that in order to understand scientific knowledge, students must un- 
derstand the knowledge at three levels of representations: macrochemistry, sub- 

microchemistry and representational chemistry. In order to integrate the three levels of repre- 
sentation, students need to confront a variety of problems: fragmented topics that do not fit 
well rather than be presented with simple problems that have one, rather obvious answer (Ga- 
bel, 1999). Second, they need to learn how to connect abstract representations (Wu, Krajcik, & 
Soloway, 2001), and third they need to be exposed to abstract phenomena that are difficult to 
interpret or visualize at the sub-microscopic and symbolic levels (Johnstone, 1991). 

Johnstone (1991) and Treagust et al. (2003) argue that the three levels of representation 
are interconnected in a triangle analogy as shown in Figure 1. The macroscopic level is the 
basis of chemistry, and teachers usually explain what happens at this level by using symbolic 
and sub-microscopic levels (Johnstone, 1991; Treagust et al., 2003). 

Devetak (2005) developed the Interdependence of Three Levels of Science Concepts 
(ITLS) model in order to explain the connection between concrete and abstract levels as 
shown in Figure 2. In order to induct knowledge into their long-term memory, students should 
be encouraged to use mental models in order to see how to connect all three levels (Devetak, 
Vogrinc, & Glazar, in press). 
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Macroscopic levels 



Symbolic levels Sub-microscopic levels 

Figure 1. Three levels of representation used in chemistry (based on Johnstone, 1991 and Trea- 
gust et ah, 2003). 



Figure 2. The interdependence of the three levels of science concepts model (after Devetak, 2005). 


If students understand the role of each level of chemical representation, they can often 
then see how transfer knowledge from one level to another - meaning they are able to generate 
understandable explanations, thus reducing alternative conceptions (Russell et al., 1997; Trea- 
gust et al., 2003). Gabel (1999) states that if students see how the three levels are intercon- 
nected then students are able to generate relational understanding - reducing alternative con- 
ceptions (Mulford & Robinson, 2002; Russell et al., 1997; Treagust et al., 2003). 

Making transitions between the three levels of representations is apparently difficult for 
students. Hinton and Nakhleh (1999) report that chemical phenomena are generally unders- 
tandable at the macroscopic level, and able to be interpreted at the symbolic level by under- 
graduate students. However, it seems students are often unable to connect either of these le- 
vels to the sub-microscopic level. Nurrenbem and Pickering (1987) likewise report that stu- 
dents do not understand the nature of matter, and they are unable to imagine the nature of par- 
ticles. This means students also struggle to connect the symbolic level with the sub- 
microscopic level. Dori and Hameiri (2003) support this saying that students can see, touch, or 
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smell things when doing experiments at the macroscopic level, but find it difficult to explain 
the nature of matter at the symbolic level. 

Gabel (1993) states that students should be encouraged to understand the cross relation- 
ships in daily life. A variety of instructional approaches have been used to help students un- 
derstand chemistry at the three levels of representation (Wu et al., 2001): instructional tech- 
nology (Ardac & Akaygun, 2004; Russell et al., 1997; Tasker & Dalton, 2006), laboratory 
activities (Chandrasegaran, Treagust, & Mocerino, 2008; Gabel, 1999), mental models (Chit- 
tleborough & Treagust, 2007) and concrete models (Copolo & Hounshell, 1995). In addition, 
numerous researchers have used the three levels of representation in order to probe students’ 
deep understanding (Bowen, 1998; Raviolo, 2001). Interestingly, it seems that secondary 
school students who learn the chemical concepts at the three levels of representation are able 
to solve problems better than first year students (Devetak, Urbancic, Wissiak Grm, Krnel, & 
Glazar, 2004). 

A particular issue arises when trying to teach students chemistry concepts involving re- 
presentation at all three levels. Chemistry teachers often provide students with algorithms or 
formulas for solving chemical problems. It seems this mostly occurs because of pressure to 
‘perform’ in external summative examination which reward correct numerical answers (Dah- 
sah & Coll, 2008). However, it seems students often use mathematical equations without un- 
derstanding them in terms of the underlying chemistry or science concepts. In order to acquire 
the ‘right’ answers, they usually memorize the mathematical equations and plug in numbers, 
rather than attempt to solve problems using the basic concepts (Beall & Prescott, 1994; Bunce, 
Gabel, & Samuel, 1991; Lythcott, 1990; Robinson, 2003). Interestingly, Bunce et al. (1991) 
report that students are often able to ‘solve’ chemistry problems numerically. But this does not 
mean they actually understand the related chemistry. Dahsah and Coll (2008) say students are 
better able to solve new problems if they understand the basic chemistry concepts first. 

Mental Models for Dilution 

An understanding of dilution methods is an important part of much introductory chemistry, 
particularly in the laboratory. For example, most chemistry experiments require students to 
know how to prepare solutions of known concentrations (e.g., standard solutions) or to dilute 
solutions of known concentration (Dunnivant, Simon, & Willson, 2002; McElroy, 1996; 
Wang, 2000). Dahsah and Coll (2007) point out that when students cannot solve problems it is 
often because they misunderstand the related underlying concepts (e.g., solvent, solute, solu- 
tion, concentration, solubility, and the mole). Additionally, there are other topics such as vo- 
lume and molecules which are embedded in the above concepts, and which are needed to solve 
numerical problems. Dilution and related concepts are abstract and difficult leading to many 
student alternative conceptions such as the relationship between amount of solute and volume 
of solution (Dahsah & Coll, 2008; Devetak et al., in press) a diluted solution (^alik, 2005), the 
relationship between solvent and solute (^alik & Ayas, 2005; Devetak et al., in press) the so- 
lution concentration at particulate level (Devetak et al., in press) , and the meaning of homo- 
genous solutions (^alik & Ayas, 2005). 

Hence, in summary, students’ understanding of dilution and related concepts is typically 
evaluated by consideration of their ability to solve numerical problems (Dahsah & Coll, 2007; 
Staver & Lumpe, 1995) but this does not necessarily mean they understand related chemistry 
concepts (^alik, 2005; Case & Fraser, 1999; Dahsah & Coll, 2007; Pinarbasi & Canpolat, 
2003; Schmidt & Jigneus, 2003). 
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Research Purpose 

The purpose of this study was to investigate and evaluate Thai undergraduate students’ under- 
standing of dilution and related concept by accessing their mental models. We also were inter- 
ested to see how they were able to make connections between the macroscopic and sub- 
microscopic levels (Coll & Treagust, 2003a, 2003b). The research aims for this study were: 

• To identify how students tried to explain dilution topics at the macroscopic, sub- 
microscopic, and symbolic levels; and 

• To evaluate student understanding for dilution and related concepts. 


Theoretical Basis to the Study 

We suggest here that in order to answer the research aims, what we need to do is access the 
mental models students possess for dilution concepts. Harrison and Treagust (2000) say all 
representations of chemistry concepts are in fact expressions of students’ mental models. 
Hence, here we draw upon literatures about mental models to underpin the study. The theoret- 
ical basis of this study was based thus on Norman’s (1983) typology of mental models. Ac- 
cording to Norman mental models can be classified into four types: the target system, the con- 
ceptual model of that target system, the user’s mental model of the target system, and the 
scientist’s conceptualization of the target system (Norman, 1983). Coll and Treagust (2003b) 
comment that the target model is the model we are striving to teach. Thus to link this to scien- 
tist’ s conceptualization of the target system, necessitates a synthesis of mental models for the 
target system, situated into the particular context in which the teaching and learning occurs 
(i.e., in this case Thailand). This was achieved from a synthesis of curriculum materials; 
namely, textbook descriptions of concepts, analysis of lecture notes and lesson plans. During 
teaching students try to understand abstract concepts in chemistry and in the present work we 
tried to access the students’ metal model (i.e., the users’ mental model to employ Norman’s 
term) for the target system. In doing so (see below for the specific approach used) we re- 
quested participants to depict their models at three levels of chemical representations: macros- 
copic, sub-microscopic, and symbolic, and got them to try to relate each level (Russell et al., 
1997; Treagust et al., 2003). 


Methodology 

Sample 

The sample used in this study consisted on an entire intact class of 414 first-year undergra- 
duate students (aged 18-19 years) who were enrolled in the SCCH 108 chemistry laboratory I 
in the at Mahidol University. The students consisted of male (39.10%) and female (60.90%). 
Mahidol University is at autonomous university that is one of the most prestigious universities 
in Thailand. It is located at Bangkok, Thailand. 

Procedures 

The first year class was divided into 23 groups, with each group supervised by a teaching as- 
sistant. Each group was then divided into 4-5 subgroups; and the sub-groups performed expe- 
riments about dilution and related concepts. The students were assigned to do hands-on activi- 
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ties to evaluate their understanding of dilution and related concepts. They performed experi- 
ments and write-up a laboratory report in group. The purpose of this was to evaluate the stu- 
dents’ academic ability before the data collection phase (see below). 

Data Collection 

The researcher first analyzed scores from student laboratory reports. The results suggested that 
the students could be classified into two groups (A and B) based on an evaluation of their la- 
boratory reports - as high or low ability. 

• Group A: High ability students (students Al, A2, A3, A4, and A5) 

These students’ scored more than 70%. 

• Group B: Low ability students (students Bl, B2, B3, B4, and B5) 

These students’ scored less than 70%. 

Ten students volunteered to be interviewed by lAE technique and were subsequently in- 
terviewed using the interview-about-events technique (lAE) championed by Gilbert, Watts, 
and Osborne (2005) to probe the students’ mental models. Three approaches were used to in- 
vestigate the students’ mental models at the same time - as is normal in the lAE technique: 
open-ended questions, drawing with description, and interview data. Students’ mental model 
was elicited their understandings at three levels of representation: macroscopic, sub- 
microscopic and symbolic. The interview protocol was developed from a pilot study in a simi- 
lar manner to that reported in Coll and Treagust (2003a, 2003b). The lAE focus cards were 
developed based on the eight-step algorithm reported by Gilbert et al. (2005). In the inter- 
views, the students were encouraged to speak freely, the cards were designed to connect the 
events to possible students’ life experiences (Unal, ^alik, Ayas, & Coll, 2006). 

There were three lAE focus cards employed and these were labeled DA 01, DA 02, and 
DA 03: DA 03 (see appendix). The interviewer used these lAE focus cards to conduct a 60- 
minute interview with four students for each of the achievement levels described above, and 
followed the protocol detailed below (i.e., open-ended questions, drawing with description, 
and interview questions to clarify meaning of drawings or responses). 

Task 1 lAE Eocus Card DAOl 

• Students were asked to explain what they understood about a 1 M solu- 
tion of sodium chloride by giving an explanation in terms of solvent, so- 
lute, and homogeneity of solution. 

• Students were also asked to depict a 1000 mL of 1 M NaCl at the ma- 
croscopic, sub-microscopic, and symbolic levels. 

Task 2 lAE Eocus Card DA02 

• The interviewer showed participants a can of Coke with a label showing 
that it was a 10 %w/v sugar solution. Then students were asked to de- 
scribe what they understood by this term. 

• The interviewer showed participants lAE focus card DA02 and asked 
‘Which figure shows the most diluted Coke beverage?’ Participants were 
asked to depict what they understood at the macroscopic, sub- 
microscopic, and symbolic level. 

• Participants were asked to link lAE focus card DA02 with a solution and 
a diluted solution. 
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• Participants were asked to describe the differences between a solution 
and a diluted solution at the macroscopic, sub-microscopic, and symbolic 
levels. 

Task 3 lAE Focus Card DA03 

• Participants were asked to calculate the percentage of sugar by w/v in a 
Coke solution with extra ice in a tumbler. 

• Participants were asked to describe what they understood about the con- 
centration of sugar in terms of the % w/v unit at the macroscopic, sub- 
microscopic, and symbolic levels. 

Coll and Treagust (2003a, 2003b) say using cards like this rather than just asking students 
questions is less threatening and helps established a more relaxed environment because the 
students attention is focused on the card rather than on their ability to respond to challenging 
questions directly. 

Data Analysis 

The interview data and drawings produced by the lAE protocol detailed above were analyzed 
thematically looking for evidence in terms of students’ understanding at the three levels of 
chemical representations, and their ability to relate each level to the others. Excerpts of inter- 
views and some typical student drawings are provided below when we present the findings to 
show the nature of this analysis. 


Research Findings and Discussion 

The research findings suggest that the students’ (or users’) mental models of many aspects of 
dilution chemistry were generally in accord with the scientific conceptualization that is to say 
they did not show many alternative conceptions. However, their ability to represent the con- 
cepts at the three levels of representation varied as is detailed below. 

At the macroscopic level, students were able to depict their mental models by observing 
the chemical phenomena in laboratory classes. At the sub-microscopic level, students were 
able to depict their mental models by imagination at the particulate level. At the symbolic 
level, students were able to depict their mental models by using of chemical symbols and ma- 
thematical formulae. 

The interviewer showed the students lAE focus card: DAOl. The students’ understanding 
was first probed by asking “Can you explain what you understand about a IM solution of so- 
dium chloride?, and the following responses were typical of the responses obtained: 


Student Al 
Student A2 
Student B2 
Student B4 


: 1 liter of solution contains 1 mol of solute. This solution is a 
mixture of sodium chloride and water. The solute is sodium chloride. 
: 1000 mL of sodium chloride solution contains 1 mol of sodium 
chloride. 

: the volumetric flask contains 1 L of solution 
: 1 mol NaCl. 

: 1 mol/L 
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These data suggests that these students were able to successfully describe the meaning of 
‘1 M of sodium chloride’. The students next were asked to depict their understanding at the 
three levels of representation. Solvent, solute, and homogeneity of solution were linked in the 
concepts as shown in Figure 3. 

Two students provided detail in the interviews and talked of ionization. Student B3 
pointed that NaCl is ionized in water to give Na"^ and CF ions while student A2 described 
NaCl in solution in the form of pairs of cations and anions, which conflicts with the scientific 
conceptualization (note: she also inadvertently wrote the symbol for calcium instead of so- 
dium). This point to a molecular view of sodium chloride, which is an alternative conception. 

Then interviewer next showed the students a label on a Coke bottle showing that the con- 
centration was 10%w/v sugar, and students were asked to describe what they understood by 
this term. It seems that all of the students understood the meaning of a 10% w/v sugar solu- 
tion. 

The interviewer then showed the students lAE focus card DA02, and the students’ under- 
standing was probed by asking “Which figure shows the most diluted Coke beverage? ”, and 
then asked “Why do you think that is the correct answer?”. All students provided correct an- 
swers for Figure C. Students depicted their understanding at the three levels of representation 
as shown in Figure 4. 



Figure 3. Sample students’ depictions of a IM solution of sodium chloride at three levels of repre- 
sentation. ICC 
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Note Student B2 meant H20(s) is water in solid state; ice, and H20(aq) is water in the liquid state. 


Figure 4. Sample students’ depictions of dilution of Coke and sugar solutions at three levels of repre- 
sentation 

All students provided correct representations at the macroscopic level for the dilution of 
Coke solutions which in this case was related to their daily life (i.e., involving a familiar beve- 
rage ‘Coke’). However some of the less able students were unable to depict the diluted Coke 
solution at the sub-microscopic level. To further probe students’ understanding, the interview- 
er asked a more general question, “What is a solution?” and “What is a diluted solution?”. The 
following responses are typical: 

Student A 1 : The solution is a homogeneous mixture of solvents and solutes in 

which the volume of solvent is greater than the volume of solute. 

: A diluted solution is made by adding some solvent into the solution. 
The number of moles of the solute is unchanged but the solution vo- 
lume of the solution is increased. 

Student A3 : A solution composes of a solvent and a solute. Adding more solvent 
makes the solution less concentration. 
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Student B2 : The solution consists of a solvent and a solute. 

: A diluted solution is made by adding water into the solution in order 
to decrease the concentration. 

Student B4 : The solution is diluted because of the impurity of solution. 

: The more diluted solution has a lower concentration. 

Students then presented depictions of the differences between a solution and a diluted so- 
lution at the three levels of representation as shown in Figures 5 and 6, and described their 
mental models in the interview transcripts which follow. 

Interviewer : How do you know it is a solution or a diluted solution? 

Student A3 : Solution is a mixture of a solvent and a solute. The addition of sol- 
vent into a solution makes it a diluted solution. 

Interviewer : So what is the difference between a solution and a diluted solution? 

Student A3 : The amount of solvent is increased. Added n mL of solvent into the 

solution then the volume of solvent is y + n mL. 

Interviewer : What else do you know about a diluted solution? 

Student A3 : The amount of solvent is increased but the mole is constant. 


A solution 

Level of representation 


Macroscopic 

Sub-microscopic 

Symbolic 



m 





Sol ^ X 
Soivet^l \j ( y > X) 



A diluted solution 

Level of representation 


Macroscopic 

Sub-microscopic 

Symbolic 




Solvife ^ X 
Solvenf 


® Salute 
0 


Figure 5. Sample of a more able student’s depictions of the differences between a solution and 
diluted solution at three levels of representation 
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A solution 

Level of representation 


Macroscopic 

Sub-microscopic 

Symbolic 



* - Solute 
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A diluted solution 

Level of representation 


Macroscopic 

Sub-microscopic 

Symbolic 
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r? 

« 
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0 






. - H2O 
® " matter 


Figure 6. Sample of a less able student’s depictions of the differences between a solution and dilu- 
ted solution at three levels of representation 


These data suggest that in this case, student A3 had a good understanding of the dilution 
concept. Additionally, this student was able to depict a solution and a diluted solution at each 
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level of representation, and identify the relationship between the levels. Hence, the more able 
students understood the dilution concept because they explained ‘added solvent into solution’ 
at the macroscopic level when they depicted by drawing of what they preformed in the labora- 
tory classes, at the sub-microscopic level where in their drawings they depicted the numbers 
of solvent and solute particles, and at the symbolic level where they depicted mathematical 
equations: 

X symbol is solute. 

y symbol is solvent because of y > x. 

In addition, n symbol is solvent. 

That diluted solution, solute is constant and solvent is increase( y + n ). 

Contrast this with a less able student, student B2, whose depiction of a solution and di- 
luted solution are presented in Figure 6: 

The interviewer asked student B2 the same questions as student A3. The less able student 
B2 successfully depicted the nature of a solution (top part of Figure 6), the number of solvent 
and solute particles seems to be much the same in the diluted and undiluted solutions (see 
bottom part of Figure 6), meaning the student’s depiction of a diluted solution at the sub- 
microscopic level was not consistent with the scientific conceptualization. Likewise this stu- 
dent’s depiction of dilution at the symbolic level in fact represents the solution process, rather 
than dilution (RHS of Figure 6). In summary, the less able students seem unsure about the 
dilution concept because they explained dilution as being ^adding water into solution’ at the 
sub-microscopic level and by depicting the number of solvent and solute particles, but with 
the wrong ratio of particles. Likewise, at the symbolic level they presented dilution simply in 
terms of by increasing the amount of water. 

Then the interviewer showed students lAE focus card DAOS and told a story about a boy 
who added ice to a tumbler of Coke and then drank it. Students were asked to describe what 
they understood based on lAE focus card DAOS. The purpose of this phase of the data collec- 
tion was to use an additional probe for dilution that was based on an activity very familiar to 
these Thai students’ everyday lives (i.e., rather than just a substance that they were familiar 
with). 


Based on lAE focus card. The questions were classified into 4 steps. 

1. Pour 100 mL of Coke beverage into a tumbler. 

The Coke solutions contain 10 % w/v sugar. 10 g/ 100 mL 

2. Added 50 mL of ice into 100 mL of Coke beverage, so we can assume the ice 
melted, meaning the Coke beverages were diluted, and the concentration of sugar 
is 10 g/150 mL. 

3. Assuming that students are drinking 50 mL of diluted Coke beverage in a tumbler. 
Then volume of solution is 100 mL. But the concentration is constant. 

The concentration of sugar is 6.67 g/100 mL that it equals lOg/150 mL. 

4. Added 100 mL of ice into 100 mL of Coke solution, so interviewer assumed ice 
melted. Then Coke solutions were diluted. 

Then the percentage of sugar by w/v in a Coke solution is 3.33 g/100 mL 

The students were then asked to draw a depiction of this event and also asked to calculate 
the concentration of sugar in units of % w/v. Sample responses are shown in Eigure 7 

As might be expected the more able students were able to calculate the concentration of 
sugar in a tumbler of Coke successfully and were able to integrate between the levels of repre- 
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sentation. At the sub-microscopic level, all students depicted things such as the amount, ratio 
and structure of particles in a solution. Sample depictions are shown in Figure 8. 

In contrast the less able students were able to depict the concentration of sugar at the 
symbolic level but only 1 of the 5 less able students was able to depict the concentration of 
sugar at the sub-microscopic level. 



Figure 7. Sample of a student’s depictions of the addition of ice to a tumbler of Coke at three levels 
of representation 
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In addition, they were not able to relate the macroscopic level to the other levels. Sample 
drawings by less able students are shown in Figure 9. 

The less able students tended to address this probe by firstly using an algorithm to do the 
calculation of the concentration of the solutions and then depicting the event at the sub- 
microscopic and macroscopic levels. Neither the sub-microscopic nor the macroscopic levels 
were then related to the symbolic level. As an interesting aside, dissolution of ice into water as 
occurs here also involves a phase change which would result in an increase in volume. This 
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was not noted or commented on by any of the students. We feel this is probably a consequence 
of the probes used, which tended to drive the students to focus on dissolution rather than 
changes of phase. 


Discussion and Conclusions 

In this work chemistry at the three levels of representations was taught to students with an 
intention to enhance their understanding of dilution. Their understanding of dilution was 
probed by several techniques: open-ended questions, drawing with description, and interviews. 
The findings do suggest that the interview about events approach is a useful technique to 



Figure 9. Less able students’ depictions of dissolution at the sub-microscopic level 
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probe students’ understanding especially when the lAE focus cards with events that connected 
to students’ experience are used. 

The more able students in the study seemed to understand the role and relationships of re- 
presentations at all three levels using Johnstone’s (1991) framework. In particular, they un- 
derstood the role of macroscopic and sub-microscopic levels of representation and were able 
to integrate into the other level as noted by (Chittleborough & Treagust, 2007) and consistent 
with the recommendation of Gabel (1999) and Wu et al., (2001). In contrast less able students 
usually presented their work mostly at the symbolic level followed by the sub-microscopic and 
macroscopic levels which were typically not related to the symbolic level. Hence, as might be 
expected students’ mental models for dilution vary, with more able students possessing more 
complete, relational mental models than their less able peers. This focus on the symbolic level 
may be related to the mode of science instruction in Thailand. Dahsah and Coll (2008) com- 
ment that in the case of stoichiometry, teachers teach using algorithms, something they argue 
results in superficial or shallow understanding. 

Russell et al. (1997) and Treagust et al. (2003) argue that in order to understand chemistry 
concepts students need to be able to represent their mental models at all three of Johnstone’s 
(1991) levels of representation, and furthermore be able to relate these levels to each other. It 
seems the present work points to a need to shift students from too heavy a focus on the sym- 
bolic level and drives them to consider how the three levels relate to each other. We suggest 
then that the use of lAE cards and activities that use local, familiar examples are one way 
teachers can seek to do this. Hence, we recommend a pedagogy that involves the combination 
of instruction, laboratory activities development of mental models and the use of concrete 
models as suggested by Wu et al. (2001). Our assessment regimes then also must be consistent 
with such an approach and reward more than a correct numerical answer that reinforces the 
use of an algorithm to solve chemical problems, and fails to genuinely probe student under- 
standing. 
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